Abstract-Polyphenol oxidase (PPO) is a copper-containing metalloenzyme which catalyzes the o-hydroxylation of monophenols to o-diphenols and their oxidation to colored reactive o-quinones. PPO is a major enzyme, responsible for enzymatic browning reaction of damaged fruit and plant tissues. Some metals (Fe, Mn, Zn, Cu, Mg and Ni) are essential for plant growth as they are involved in living processes such as photosynthesis and DNA synthesis. However, some metals (Cd, Cr, Sn, Pb, Hg) are considered to be toxic to plant and other living organisms. In the present work, PPO was isolated and characterized from dill (Anethum graveolens L.) plant grown in Sakarya, Turkey. Then, the effect of some compounds which are known anti-browning agents, amino acids, metals and metal-compound mixtures were investigated on dill PPO enzyme activity. The results showed that anti-browning agents had inhibitory effect to dill PPO activity. Cu(II) and Fe(II) metals increased the enzyme activities however, Hg (II), Sn(II) had the maximum inhibitory effect and Zn(II) and Pb(II) had no significant effect on the enzyme activity. In order to reduce the toxic effect of heavy metals, the effects of metal-compound mixtures on the PPO activity were determined. EDTA and metal mixtures had no significant effect on the enzyme. However, anti-browning compound and metal mixtures decreased the enzyme activity.
I. INTRODUCTION
Browning of cut or damaged surface of plants and fruits is a major problem usually resulting in negative effects on color, taste, and nutritional value in food. It is an enzymatic browning caused by an enzyme called polyphenol oxidase (PPO). Polyphenol oxidase (E.C. 1.14.18.1) is a copper containing enzyme which catalyzes hydroxylation of monophenols to ortho-diphenols (catecholase activity) and the oxidation of ortho-diphenols to quinones [1] . The quinones generated by PPO lead to the brown to black discoloration of fruits and other plant materials [2] .This is a series problem for food and plant producers and customers. Because of the importance of this reaction in the food process, PPO has been intensively studied in several plants such as sorrel [3] , ferula sp. [4] , eggplant [5] , artichoke [6] , peppermint [7] , mulberry [8] and red Swiss chard [9] .
In recent years, there has been an increasing living systems'
Manuscript received April 26, 2016. This work was supported in part by the Sakarya University, Turkey under Grant BAP 2012-02-04-040. G. A. Author is with Sakarya University, Department of Chemistry, Serdivan, Sakarya, 54187 Turkey health concern associated with environmental pollution by heavy metals. Heavy metals such as iron, cobalt, copper, manganese, and zinc with various amounts play important role in living organisms. However, all metals at high concentrations are toxic for plants, human and other organisms [10] . Plants show oxidative stress upon contact to heavy metals that leads to cellular damage and change in their enzyme activities involved in defense system of plants. Polyphenol oxidase is the one of these enzymes. Some studies were carried out to assess the effects of different metals and compounds (singly or in combination) on various plants in relation to their biochemical response [3, 11] .
Although there is a study regarding characterization and purification of PPO from dill plant, no reports have been found on the biochemical properties of some compounds, metals and metal-compound mixtures on PPO enzyme from dill (Anethum graveolens L.) plant grown in Sakarya, Turkey. Therefore, the objective of our study was to isolate, characterize and investigate biochemical properties of PPO from dill by using metals, anti-browning agents and both of their mixtures.
II. MATERIAL AND METHODS

A. Chemicals
Dill (Anethum graveolens L.) used in this study was obtained from Sakarya, Turkey and stored at -20°C until used. Polyviniylpolypyrolidone (PVP), Sephadex G-100, (NH 4 ) 2 SO 4 and other chemicals were obtained from Sigma Chemical Co., St. Louis, MO.
B. Enzyme extraction
Dill (Anethum graveolens L.) plant was obtained from Sakarya city, Turkey. 10 grams of dill plants were added to 50 ml 50mM sodium phosphate buffer (pH; 7.0), 10 mM ascorbic acid, 0.3 g polyvinylpolypyrolidone (PVPP), and extraction was prepared. The mixture was homogenized with blender. After the filtrate was centrifuged at 14.000xg for 30 min and supernatant was collected. Extraction was fractionated with (NH 4 ) 2 SO 4 , solid (NH 4 ) 2 SO 4 was added to the supernatant to obtain 60% saturation. The mixture was centrifuged at 14,000xg for 30 minutes and the precipitate was dissolved in a small amount of phosphate buffer and then dialyzed at 4°C in the same buffer for 24 h with three changes of the buffer during dialysis. The dialyzed enzyme extract was centrifuged and loaded onto Sephadex G-100 column previously equilibrated with extraction buffer, and washed with the same buffer to remove unbound proteins. The eluate was used as the PPO enzyme source in the following experiments. The amount of PPO was performed according to method of Bradford with bovine serum albumin as standard [12] .
C. Enzyme assay
Polyphenol oxidase activity was determined by measuring the increase in absorbance at 420 nm for 4-methylcatechol, 320 nm for pyrogallol substrates and 280 nm for L-Tyrosine. The optimum pH and temperatures of PPO enzyme were obtained for 4-methylcatechol and pyrogallol as substrates. For the substrate, the kinetic data was plotted as reciprocals of activities versus substrate concentrations. The Michaelis-Menten constant (Km) and maximum velocity (Vmax) were determined from graphical evaluation of the results with Michaelis-Menten equations. To obtain the equation of a straight line and reliable results of Vmax and Km, the Michaelis-Menten equation was converted to the double reciprocal form, known the Lineweaver-Burk plot [13] .
PPO activity was determined with different substrates (4-methylcatechol, pyrogallol, and L-Tyrosine) to find the effect of pH. Appropriate buffers (0.1 M citrate/0.2 M phosphate for pH 4.0-5.5, 0.2 M phosphate for pH 5.5-7.0, and Tris-HCl for pH 7.0-9.0) were used for the determination of optimum pH of PPO. Effect of temperature was also determined. PPO activity was measured at different temperatures in the range from 0 to 80°C using the substrates to determine the optimum temperature of the enzyme.
D. Effect of some compounds, metals and metal-compound mixtures
L-ascorbic acid, ethylenediamine tetraacetic acid (EDTA), Benzoic acid, L-Cysteine, citric acid as antibrowning agents (0.5-1mM) were used to determine their effects on dill PPO enzyme activities with using 4-methylcatechol as substrate at pH 7.0. Fe(III) (FeCl3), Cu(II) (CuSO 4 ) , Zn(II) (ZnSO 4 ), Na(I) (NaCl), Pb (II) (PbCl 2 ), Sn(II) (SnCl 2 ), Hg (II) (HgCl 2 ), as metals at different (1-10mM) concentrations were used to determine their effects on dill PPO enzyme activity with using 4-methylcatechol as substrate.
Each metal and each compound were pre-incubated separately to form metals-compound mixture for 30 minutes at 25 ºC. Then, the effects of mixtures on the dill PPO enzyme activities were determined by kinetic methods using 4-methylcatechol as a substrate at pH 7.0. The remaining enzyme activities were calculated for all compounds, the metals and metal-compound mixtures.
III. RESULTS AND DISCUSSION
A. Enzyme Extraction and Characterization
Polyphenol oxidase enzyme (PPO) (EC 1.10.3.2) was partially purified and kinetically characterized from dill (Anethum graveolens L.) plant grown in Sakarya, Turkey. Partially purified dill PPO enzyme was characterized by using 4-methyl catechol, pyrogallol and L-Tyrosine as substrates. Substrate saturation curves for each substrate indicated that dill PPO follows Michaelis-Menten kinetics. Lineweaver-Burk plots for the kinetic analysis of the reaction rates, at various concentrations for each substrate, showed Vmax and Km values for each substrate. The Km and Vmax values of dill PPO enzyme were determined according to the Lineweaver-Burk method and found to be, 1.8 mM and 642 EU/ml/min for 4-methylcatechol; and 11.5mM and 4103 EU/ml/min for pyrogallol as substrates. No activity was detected toward L-Tyrosine. The results were consistent with the previous report on plant PPOs [7, 14] .
The optimum pH value for dill PPO was determined in pH ranges of 3.0-9.0 ( Figure 1) . As seen in Figure 1 , it was found that optimum pH values for dill PPO were 7.0, and 8.0 for 4-methylcatechol and pyrogallol as substrates, respectively. The similar optimum pH values for PPO enzymes from different plant sources have been reported: 7.2 for pear [15] , 6.5 for madler [16] The temperature effects on dill PPO activity were studied between 5 and 80°C with 4-methylcatechol and pyrogallol substrates (Figure 2 ). It is found that the optimum temperature is 25°C for 4-methylcatechol, and 40°C for pyrogallol. It is reported that optimum temperature for PPO is 25°C for ferula sp. [4] , 30° C for sorrel [3] , 30°C for lemon balm [14] and 35°C for red poppy leaf [17] , using 4-methylcatechol as a substrate, and 35°C for sorrel [3] and red poppy leaf [17] , 40°C for lemon balm [14] using pyrogallol as a substrate. 
B. Effect of some compounds, metals and metal-compound mixtures
Dill PPO enzyme activity was determined with various compounds and metals using 4-methylcatechol as a substrate (Table I) . The results demonstrated that L-cysteine (L-Cys) was the most effective inhibitor, followed by L-ascorbic acid, EDTA, L-Arginine (L-Arg) and citric acid (CA) at 1mM concentration (Table I) . Among the PPO intibitors, L-Cysteine and ascorbic acid are effective inhibitor for different PPOs [6, 7, 18] . Since cysteine and ascorbic acid are naturally occurring substances and non-toxic, they can be useful for preventing the enzymatic browning of dill plant. EDTA is used with an objective to bind cupper ion of PPO enzyme to prevent the binding to prostetic group ending with inhibition of enzyme activity. EDTA showed inhibition to dill PPO activity like artichoke heads [6] and Rosmarinus Officinalis L. PPO [18] . Dill PPO enzyme activity was also determined with various metals at different concentrations (1-10 mM) ( Table I ). The enzyme was slightly inhibited some metal ions such as Zn (II) and Pb(II) at 10 mM concentrations (Tale I). Cu(II) and Fe(II) metals increased the enzyme activities. Similar activation of Rosmarinus officinalis L. [6] , sorrel [3] , red poppy leaf [17] PPO activity were reported at the same concentrations of metals. NaCl is a known inhibitor for PPO enzyme from several several plants and fruits [3, 5, 6, 17, 18] . It had effective inhibition on dill PPO enzyme activity at any concentrations. Hg (II) and Sn(II) had the maximum inhibitory effect on dill PPO enzyme activity at 10 mM concentrations.
Dill PPO activity was also determined with metal and compound mixtures [ Fig. 3 ]. Metal and compound mixtures at 10 mM concentrations were preincubated in pH 7.0 buffer for 30 min. Then the effects of mixtures on dill PPO enzyme activity were determined with 4-methylcatechol as a substrate. The results showed that, EDTA and metal mixture had no significant effect on the enzyme activity. L-ascorbic acid and metal mixture decreased the enzyme activity but L-ascorbic acid-Cu(II)-mixture had no effect on the enzyme activity. L-Cys-Pb, L-Cys-Hg and L-Cys-Sn mixtures had inhibitory effect respectively but the other L-Cys-metal mixtures had no effect on the enzyme activity. L-Arg-metal and citric acid-metal mixtures had weak inhibitor effect on the enzyme activity. The results showed that the metal-antibrowning compound mixtures may increase the inhibitory effect of anti-browning mixtures for the enzymatic browning in fruits and vegetables. The mixtures may also reduce the toxic effect of heavy metals in plants.
IV. CONCLUSION
In this work, PPO enzyme was extracted and characterized from dill (Anethum graveolens L.) plant grown in Sakarya, Turkey. The substrate specificity indicated its nature as a catechol oxidase (EC 1.10.3.2), showing maximum activity with 4-methyl catechol. The enzyme did not have tyrosinase activity. Some metals and antibrowning compounds were kinetically investigated for dill PPO activity. Some metals (Cu(II) and Fe(II)) increased the enzyme activity, the rest of tested metals decreased the activity. All tested anti-browning agents had inhibitory effect to dill PPO activity. The effects of metal-compound mixtures on the PPO activity were also determined. EDTA and metal mixtures had no significant effect on the enzyme. However, all anti-browning compound and metal mixtures inhibit dill PPO enzyme. The results suggests that the mixtures can reduce toxic effect of heavy metals for plants. This might prevent plants, grown in heavy metal polluted environment.
